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PROTECTIVE COATING CQMPQSmQN 

[0001] The present application describes a process for the preparation and/or coating of 
powdered particles using atmospheric pressure plasma techniques. 

5 

[0002] The treatment of powders using atmospheric pressure plasma has been previously 
described. In JP 06-000365 there is provided an apparatus for continuously plasma treating a 
powder by coaxially pivoting a metallic inner and outer cylinders at least one side of the outer 
cylinder being coated with a dielectric tn form a fixed gap between the cylinders, inclining the 

1 0 cylinders and passing a voltage across the electrodes to effect the atmospheric pressure 

plasma UcaUucnl of a powder. In JP 06-228739 there is provided a means for surface treating 
a powder by atmospheric-pressure glow discharge by gas floating the powder with a rare gas 
or mixture of a rare gas and a gaseous reactant. The treatment occurs in a substantially 
Cylindrical vertical positioned reaction vessel at the bottom of which gas is introduced to float 

15 the powder and the exit is out of the top of the vessel carried by the gas having been first 
subjected to and atmospheric-pressure glow discharge at a pressure higher than atmospheric 
pressure. In US5399832 there is provided a method for treating an organic or inorganic 
powder or coating same using an organic monomer m\ng atmospheric pressure glow 
discharge. In WO 97/29156 there is provided a method of traaims deagglomerated particles 

20 with plasma activated gas to modify the surface of the particles and species. 



[0003] ALI of the aforementioned prior art relate to the activation of the powder or 
applications of coatings using gas phase precursors and typically the results suggest low 
deposition rates and require high residence times to obtain a sufficiently coated surface. 



[0004] The Coating thickness for particles coated by the present process is l-200nm. 
Typically the plasma gas used is helium- . The generation of a steady-state glow discharge 
plasma at atmospheric pressure is preferably obtained between adjacent electrodes which may 
30 be spaced up to 5 cm apart, dependent on the process gas used. The electrodes being radio 
frequency energised with an rms potential of t to 1 nn \t V, preferably between 4 and 30 kV at 
1 to.100 kHz, preferably at 15 to 40 kHz. The voltage used to form the plasma will typically 
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be between 4 and 30 kVolts, however the actual value will depend on the chemistry/gas choice 
and plasma region size between the electrodes 

[00051 The present inventors have found that by introducing coating formfng material 
5 directly to a atmospheric plasma process that higher deposi tion rates of coating onto powder 
particles can' be achieved The use or direct injection of coating forming rnaterial also 
provides for the use of a wider range of precursor materials, and the coating process is not 
restricted to gas phase materials or high vapour pressure liquids. The inventors have also 
found that in the absence of introduced particles that new parrietes can be synthesized by the 
10 same process within the plasma process. 

[0006] Thus, according to the present invention there is provided a method for forming a 
coaling on a powder substrate, which method comprises introducing an atomized coating 
forming material by direct injection and separately introducing a powder to be coaled into nn 
1 5 atmospheric plasma discharge and/or an ionized gas stream resulting therefrom, and 
exposing the powder to the atomized precursor. 

[0007] It is to be understood that the coating forming material in accordance with the 
present invention is a precursor material which can be used to make any appropriate coating. 
2 0 including, for example, a material which can ba used to grow a film or to chemically modify 
an existing surface. 

[0008] Alternatively by directly intnxiucing an atomized coating forming material or 
polymer forming precursor into an atmospheric plasma discharge and/or an ionized gas 

2 5 stream resulting therefrom in the absence of introduced powder particles, then particles of 

reacted precursor are former! 

(0Q09J The present invention further provides apparatus for forming a coating on a powder, 

3 0 which apparatus comprises means for generating an atmospheric pressure plasma discharge 

Within which, in use, the powder to be coated is introduced, an atomiser for providing an 
atomised coating-forming material within the plasma discharge, and means for supplying a 
coating forming material to UicaLumiser. 




• 
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[0010J 



Any conventional means for generating an atmospheric pressure plasma glow 



discharge may be used in the present invention, for example atmospheric pressure plasma jet, 
atmospheric pressure microwave glow discharge and atmospheric pressure glow discharge. 
Typically such means will employ a helium diluents and a high frequency (c.g.> 1kHz) power 
5 supply to generate a homogeneous glow discharge at atmospheric pressure via a Penning 
ionisaiion mechanism, (see for example, Kanazawa et al, J.Phys, D: Appl. Phys. 1988, 21, 
838, Okazaki et al, Proc. Jpn. Symp. Plasma Chcm, 1989, 2. 95, Kanazawa et al, Nuclear 
Instruments and Methods in Physical Research 1989, B37^8, 842, and Yokoyama ei al., J. 
Phys. D: Appl. Phys. 1990. 21 374), 



for example an ultrasonic no2«le. The atomiser preferably produces a coating-forming 
material drop size of from 10 to lOO^im, more preferably from 10 to 50jjm. Suitable 
atomisers for use in the present invention are ultrasonic nozzles finnm Sono-Tek Corporation, 
15 Milton, New York, USA. The apparatus of the present invention may include a plurality of 
atomiser*, which may be of particular utility, for example, where the apparatus is to be used 
to form a copolymer coating on a substrate from two different coating-forming materials, 
where the monomers are immiscible or are in different phases, e.g. the first is a solid and the 
second is gaseous or liquid 



[0012] The plasma ohambcr may be orientated veufculiy, allowing gravity Ted processing* 
For example, if atmospheric pressure glow discharge is employed, using either flat, parallel 
electrodes, or concentric parallel electrodes, the electrodes may be orientated vertically. In 
this case powder to be treated is introduced at the top of the plasma chamber and passes 

2 5 through the plasma region, where atomised coating forming material is introduced 

Polymerisation and crosslinking reactions occur within the plasma region io produce powder 
particle with well adhered coatings. The coated powder particles then exit the chamber at the 
base. Alternatively, atomized coating forming material or polymer forming precursor may be 
introduced into the top of the plasma chamber and polymer particles are formed within the 

3 0 chamber and collected at the base. In both cases, particle flow can be controlled and 

enhanced by the flow of plasma prncftss gas through the chamber 



10 



[0011J 



The coating-forming material may be atomised using any conventional means, 



20 
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[0013] The present invention may be used to form many different types of coatings. 
The type of coaling which is formed on the powder substrate is determined by the coating- 
forming materials) used, and the present method may be used to (co)po!ymerisc coating- 
forming monomer materiaKs) onto rhe substrate surface. The coating-foiTning materia] may 
5 be oiganic or inorganic, solid, liquid or gaseous, or mixtures thereof Suitable organic 
coating-foiroing materids include cait 

methacrylonitriles, alkenes and dienes, for example methyl methacrylate, ethyl methacrylate, 
propyl methacrylate, butyl methacrylate, and other alkyl methacrylates, and the corresponding 
acrylates, including organofundional methacrylates nnd acrylatea, including glycidy] 
10 methacrylate, trimethoxysilyl propyl methacrylate, allyl methacrylate, hydroxyethyl 

methacrylate, hydro\ypivpyl methacrylate, dialkylaminoalkyl methaciyJates, and fluoroalkyl 
(meth)acrylaies, methacrylic acid, acrylic acid, fumaric acid and esters, ftaconic acid (and 
esters), maleic anhydride, styrcne, cxrmethylfiCyrene, halogenated alkenes, for example, vinyl 
halides, such as Ytnyl chlorides and vinyl fluorides, and fluorinateri alkenes, for example 
15 perfluoroalkenes, aciylonitrile, methacrylonitrilc, ethylene, propylene, allyl amine, vinylidene 
halidos, butadienes, acrylamidc, such us N-isopropylacrylamide, methacrylamide, epoxy 
compounds, for example glycidoxypropyltrimcthoxysilane, glycidol, styrene oxide, butadiene 
monoxide, ethyleneglycol diglycidylethcr, glycidyl methacrylate, bisphenol A diglycidylether 
(and its oligomers), vinytcycJohexene oxide, conducting polymers such as pyrrole and 
2 0 thiophene and their derivatives, and phosphorus-containing compounds, for example 

dimethylallylphosjphonaie. Suitable inorganic cpatjng-forming materials include metals and 
metal oxides, including colloidal metals. Organometallic compounds may also be suitable 
coating-tbrming materials, including metal alkoxides such as titanates, tin alkoxides, 
zirconates and alkoxides of germanium and erbium. However, the present inventors have 
2 5 found that the present invention has particular utility in providing substraies with silica- or 
siloxane-hased coatings using coating-forming compositions comprising silicon-containing 
materials. Suitable silicon-containing materials for use in the method of the present invention 
include sitanes (for example, silane, ailcylstlanes, alkyl halosilanes, alkoxysilanes) and linear 
(for example, polydimcthylsiloxanc) and cyclic siloxanes (for example, 
30 octamcthylcyclotetrasiloxane), including organo-functional linear and cyclic siloxanes (for 
example, Si-H containing, halo-functional, and haloalkyi-futtetional linear and eycltc 
siloxanes, e.g. tetramethylcyclotctrasiloxanc and 

tri<nonofluorobutyl)trjjiiuthylcyc!otrisiloxane). A mixture of different silicon-containing 



V 
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materials may be used, tor example to tailor the physical properties of the substrate coating 
for a specified need (eg. thermal properties, optical properties, such as refractive index, and 
viscoclastic properties). 



5 [0014] In addition, under oxidising conditions the present method may be used to 
farm an oxygen containing coating on the substrate. For example, silica-based coatings can 
be formed on the substrate surface from atomised silicon-containing coating-forming 
materials. Under reducing conditions, the present method may be used to form oxygen free 
coatings, for example, silicon carbide based roarings may be formed from atomised silicon 
1 0 containing coating forming materials. 

[001SJ Plasma generating conditions containing gases other than oxygen may also be 
employed, for example noble gases, air, hydrogen, nitrogen and ammonia. In a nitrogen 
containing atmosphere nitrogen can bind to the substrate surface, and in an atmosphere 
15 containing both nitrogen and oxygen, nitrates can bind to and/or form on the substrate 

surface. Such gases may also be used to prc-lreai me substrate surface prior to exposure to the 
coating forming substance. For example oxygen containing plasma treatment of the powder 
substrate may provide improved adhesion with the applied coating. The oxygen containing 
plasma being generated by introducing oxygen containing materials to the plasma such as 
20 oxygen gas or water. Furthermore, the coating formed on the substrate may be post treated in 
a range of plasma conditions. For example, siioxane derived coatings, may be farther oxidised 
by oxygen containing plasma treatment. The oxygen containing plasma being generated by 
introducing oxygen containing materials to the plasma such as oxygen gas or water. 

2 5 [OOlfl An advantage of the present invention over the prior art is that both liquid and 
solid atomised coating-foiming materials may be used to form coatings, due to the method of 
the present invention taking place under conditions of atmospheric pressure. Furthermore the 
coadng-fomiing materials can be introduced into the plasma discharge or resulting stream in 
the absence of a carrier gas, i.e. they can be introduced directly by, for example, direct 

3 0 injection, whereby the coating forming materials are injected directly into the plasma. 

[0017] As mentioned above, the present inventors have fewd particular utility of the 
present invention fo. funning silica- and siloxane-based coalings on powders using silicon- 
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containing materials. Under oxidising conditions, e.g. an oxygen containing atmosphere, 
silica-based coatings can be formed on the substrate surface from atomised silicon-containing 
materials, whereas under non-oxidising conditions a siloxane polymer, e.g. a linear, branched 
or resinous siloxane polymer, can be farmed on the Substrate surface from atomisation of a 
5 silicon-containing monomer. A siloxanc-organic copolymer can be formed on the substrate 
$urface~by use of a mixture of organic and silic6n-c<mtalhing mohomere. However, the 
present invention is also useful for forming an organic coating on a substrate, for example a 
polyacrylic acid or perfluoro-organic coating, 

1 0 [01)18] The powder substrates to be coated may comprise any material, for example metals, 
metal oxides, silica, organic powders, including polymeric, dyestuffs, fragrances, flavouring 
and pharmaceutical powders. 

[0019] Substrates coated by the method of the present invention may have various utilities, 
1 5 For example a silica based coating may give encapsulation and controlled release properties 
to an organic particle such as a fragrance ur dye$tuff. An organic polymeric coating upon a 
metal or metal oxide particle would provide improved compatibility of the particle in organic 
media, such as a silver conductive particle within an adhesive, or a silica reinforcing particle 
within an elastomer. 



[0020] In one embodiment of the invention a statically electric charged porous plate or a 
vibrating sieve may be placed in line with the exit of the powder from the plasma region to 
collect the resulting powder. 

2 5 [D021] The present invention will now be described further on the basis of the following 
example and drawing. 

[0022] An atmospheric pressure glow discharge was generated by applying RF power of 1 
30 W/cm2 to two electrodes adhered to glass plates that enclose a helium/oxygen gas mixture in 
the ratio of 98/2. TetrameAylcyclnterm<aloxanc (TMCTS) was supplied to an ultrasonic 
nozzle at a flow rate of 200 microlitres per minute. TMCTS droplets were discharged from 
the ultrasonic nuzzle above the atmospheric pressure glow discharge. These TMCTS droplets 



20 
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pass through the atmospheric pressure glow discharge and form a fine white powder which 
was collected below the atmospheric picssun? glow discharge. 

[0023] Fig. 1 shows an Atmospheric Pressure Glow Discharge Apparatus For Powder 
5 Treatment in which the following numerals are identified 

1 Dielectric shield 

2 Parallel electrodes 

• 3 Atomiser nozzle 

• 4 Powder delivery 

10 ♦ 5 Powder prior to coating 
G PJiisjim region 

• 7 Collector for treated powder 
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Claim 



I . A method for forming a coaling on a powder substrate, which method comprises 
introducing an atomi7.cri coating forming material by direct injection and separately 
5 introducing a powder to be coated into an atmospheric plasma discharge and/or an 

- ionized gas stream resulting therefrom/ and^xposing the powder to the atomized 

precursor. 

2* A method for forming a powder comprising subjecting an atomised liquid to 
10 atmospheric plasma and collecting the powder resulting from the plasma treatment 

3. a method in accordance with claim 2 wherein the plasma treatment is atmosplieric 
pressure glqw discharge. 

15 4. a method in accordance with claim 2 or 3 wherein the atomised liquid was 
Tetramethylcyolotclrasiloxane and the resulting powder was silica. 

5. an apparatus as hereinbefore described with reference to the drawing, 

20 
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